INTRODUCTION
Site 348 attracted a great deal of interest because the hole was drilled within the Icelandic Basin, which represents a large depression in the Icelandic Plateau.
Laboratory studies consisted of a determination of: sediment grain sizes, the mineralogic composition of the coarse silt fraction (0.1 to 0.05 mm), and the chemical composition and the composition of clay minerals in the less than 0.001 mm size fraction.
Data Presentation
The data obtained are listed in Tables 1-9 . The data in Table 1 are average values that characterize the sediments and rocks of each of the three stratigraphic units by the shipboard party (see Site Report, Chapter 8 , this volume). The tables also present data on the terrigenous, biogenic, volcanogenic, and authigenic sediment components. The data on chemical composition (Table 2) indicate the content of biogenic silica and CaCOa in the sediment. The iron content (FfcOa) (Table  4) indicates the presence of both terrigenous and authigenic material. Components in the separate grain size fractions are grouped in such a manner so as to characterize most accurately the various components of the sediment. Table 3 also includes data on the quantity of particles with a size of less than 5 µm. It was assumed that these particles consist almost entirely of clay minerals.
The data presented on the content of separate minerals in the 0.1-0.05 mm fraction (Table 1) concentrate on a group of the most typical terrigenous minerals: quartz, potassium feldspars, hornblende, and weathered grains (chiefly rock debris, plagioclase feldspars). For the volcanogenic sediments, the data show the contents of varieties such as glass and various types of more or less altered particles of volcanic ash. The authigenic group included pyrite and marcasite, iron hydroxides, glauconite, and zeolites which have been formed in the process of devitrification and palagonitization of the primary volcanogenic ash material. However, some zeolites probably have a volcanic origin.
From analysis of the data, it is apparent that each of the three lithologic units distinguished differ both in composition and genesis. However, the interpretations on the composition and genesis of these sediments are somewhat different from those of the shipboard party (see Site Report, Chapter 8 , this volume) .
DISCUSSION
Based on the data available, it is concluded that the sediments of all three units in Hole 348 are essentially clay sediments. The average percentage of the clay content calculated for the three units is over 70% ( Table 3 ). The major bulk of these particles is represented by clay minerals, and a considerable portion of this clay material is authigenic. The material, which has been altered and converted into these clays, was probably of a volcanogenic origin and not terrigenous (see however, Site Report, Chapter 8 , this volume).
Biogenic Components (Carbonate and Silica)
Biogenic calcium carbonate has an extremely minor content in the Cenozoic sediments. Rarely, except in separate interlayers, does the CaCθ3 content reach 15%. However, biogenic amorphous silica is far more important, although the Siθ2 content in the samples studied hardly exceeds 8% (Table 2) . A study of smear slides and thin sections of these sediments under the scanning electron microscope shows a high content of siliceous skeletons. It is believed that although the skeletal volume may be high, the mass contained in the skeletons is low. On the other hand, the mass of clay material in a similar volume is appreciably higher.
Volcanic Components
For the volcanic constituents, the predominant mass has been transported as ash particles to oceanic regions. The sediment contains particles of volcanic glass whose size corresponds chiefly to silt and (partially) coarse clay fractions.
Volcanic glass, under certain conditions, will comprise the major portion of such fractions; however, the main mass of volcanic glass appears to have been completely altered and converted to clay.
Studies of Volcanic Components
Volcanic material in the coarse fraction consists of heavy (specific weight 2.9 g/cc) and light (specific weight less than 2.9 g/cc) subfractions. The material includes volcanic glass that contained both the basic (7V>1.54 [dominant type]) and acid varieties (N<l.54). Frequently, a significant portion of the volcanic material was represented by devitrified and more or less altered glass, particularly the palagonitized variety. These can be considered varieties of ash particles.
Also detected in the volcanogenic component of the coarse silt (heavy subfraction) were monoclinic pyrox- enes (augite). However, some of the pyroxenes may have been transported (especially in Pleistocene times) as terrigenous components from Iceland.
Authigenic Components
Authigenic minerals formed by diagenesis include pyrite and marcasite (in the heavy subfraction of the coarse silt fraction). These are grouped in Table 1 as iron sulfides (FeS2) and include iron hydroxides in the form of limonite and glauconite. These varieties, together with conspicuous zeolites, are commonly present in the thin bedded clay fractions. The zeolites were observed in the diffraction (X-ray) patterns of sediments of the less than 1 µm fraction, however, it is believed they are accessory minerals.
Clay Minerals
Important in the definition of sediment composition and genesis is determining the composition of clay minerals. The study utilized the data from X-ray diffraction and SEM microphotography. Detected were montmorillonite and hydromica, as well as chlorite, zeolites, and mixed-layer clays of varying compositions.
Calculations of the quality of these minerals in the less than 1 µm fraction are based on the technique of Brindley (1965) .
Montmorillonite is among the clays which comprise a major portion of the section. Moreover, montmorillonite, in pre-Pleistocene deposits, predominates and constitutes, locally, up to 100% in the less than 1 µm fraction. It is believed that the main portion of this montmorillonite is authigenic, formed as a result of transformation of basic volcanic glass.
Thus, analysis of the clay fraction of the sediment seems to provide substantial grounds that the major portion of the pre-Pleistocene sediments in the Icelandic Basin is primarily volcanogenic. These volcanogenic components have been subsequently transformed in varying degrees into authigenic components.
GENERAL CONCLUSIONS Considerations of the data from the lithologic studies of the core samples of Hole 348 permit some general conclusions on the composition and genesis of the sedimentary material. Despite the homogeneous composition of clay in the sedimentary section, there are very minor variations in the composition and content of accessory terrigenous, biogenic, volcanogenic, authigenic, and clay components. These variations support the division of the sediments into three stratigraphic units. There is also a general agreement of lithologic and stratigraphic boundaries.
Unit 3
The "accessory" components in the silt portion of the sediment section are almost exclusively "terrigenous" in the lower portion of Unit 3 (Oligocene and early Miocene). Volcanogenic constituents are practically absent in the silt fraction, however, there is a great deal of quartz, weathered plagioclase, or other minerals. The silt is also characterized by the highest content of heavy ore minerals (Table 1) . Noteworthy is the low content of biogenic (S1O2, CaCOa) components. Interestingly, however, the sediments do have a high C WR content.
A direct correlation seems to exist with C Wf and the percentage of authigenic pyrite and marcasite in Unit 3. Less common is glauconite. In all probability, the high C ora content present is the main factor that led to the origin (via diagenesis) of these authigenic components. Also of interest is the fact that all these deposits are the oldest of those cored.
Although all sediment sections are characterized by a generally low zeolite content in the silty sediments, Unit 3 has a high content (Table 1 ). The distribution of these zeolites in the coarse silts shows a tendency to increase in content from the top. An exception is the lowermost portion of Unit 3, where large zeolite crystals are abundant (Figures 1 and 2) .
The clay component in Unit 3 has a quite different character. The less than 1 µm fraction is completely composed of montmorillonite, especially at the top of the unit (early-Miocene). X-ray diffraction fails to reveal but a trace of other minerals. An exception is the lowermost beds (late Oligocene) above basalts. Here, apart from the predominant montmorillonite, there is a considerable amount of chlorite, hydromica, and kaolinite. Zeolite is also conspicuous. The composition of these clays provides grounds to indicate that this clay has formed from ash material and basaltic lavas. The absence of the ash in larger size fractions indicates an [29] [30] [31] [84] [85] [86] [84] [85] [86] [73] [74] [75] [73] [74] [75] CC 6, [74] [75] [76] [74] [75] [76] [74] [75] [76] [74] [75] [76] [75] [76] [77] [75] [76] [77] CC 7, [75] [76] [77] [75] [76] [77] [75] [76] [77] [75] [76] [77] [139] [140] [139] [140] [75] [76] [77] [75] [76] [77] [75] [76] [77] [75] [76] [77] CC 9, [80] [81] [82] [80] [81] [82] [80] [81] [82] [80] [81] [82] [70] [71] [72] [70] [71] [72] [60] [61] [62] [60] [61] [62] [20] [21] [22] [20] [21] [22] [80] [81] [82] [20] [21] [22] [20] [21] [22] [20] [21] [22] [20] [21] [22] [20] [21] [22] [20] [21] [22] [20] [21] [22] [20] [21] [22] [20] [21] [22] [20] [21] [22] CC 14, [60] [61] [62] [60] [61] [62] [60] [61] [62] [60] [61] [62] CC 15, [60] [61] [62] [60] [61] [62] [60] [61] [62] [60] [61] [62] [60] [61] [62] [60] [61] [62] [60] [61] [62] [60] [61] [62] CC 16, [110] [111] [112] [110] [111] [112] [75] [76] [77] [75] [76] [77] [10] [11] [12] [10] [11] [12] [140] [141] [142] [140] [141] [142] CC 19, [80] [81] [82] [80] [81] [82] [80] [81] [82] [80] [81] [82] [64] [65] [66] [64] [65] [66] [135] [136] [137] [135] [136] [137] CC 20 almost complete alteration of the glass into montmorillonite, and the absence of an admixture of acid volcanogenic material. This results in a partial enrichment of the large size fractions by terrigenous components.
Unit 2
The sediments of Unit 2 (middle Miocene-Pliocene) are distinct in composition and in the content of various genetic components. Biogenic components in these sediments show a remarkable increase in content. Individual thin interbeds are characterized by a sharp predominance of diatom skeletons. However, only in these interbeds are they considered as a major sediment component (Figures 3 and 4) . There is also a large increase in the quantity of carbonate biogenic material, mainly foraminifera tests.
The silt fractions in Unit 2 have a higher content of volcanogenic material as compared to Unit 1. The main portion of this material is represented by devitrified volcanic glass. However, there is also a considerable amount of unaltered glass present. It is predominantly basic, but also includes acid glasses. The amount of acid glass increases regularly upward in Unit 2. The maximum amount of the acid glass (up to a third of the total bulk of glass) is recorded in Pliocene sediments. Distribution of authigenic components in the silt fraction of Unit 2 is very irregular. At its lower portion (at the boundary with early Miocene), the unit is characterized by a high content of iron sulfides and zeolites. The quantity of these components decreases sharply towards the upper boundary of Unit 2.
A common mineral in the clay fraction (less than 1 µm) is montmorillonite. The content tends to generally decrease in the upper layers of the unit. This can be explained by the fact that in the younger sediments, a part of the volcanogenic ash material has not yet decomposed, although it is nearly devitrified. Also, the acid glasses are not strongly altered. There is also a considerable decrease of finely dispersed zeolites in the sediments of Unit 2.
Apart from the clay composition, Unit 2 differs from Unit 3 by a gradual increase of hydromica and probable mixed-layered clays, mainly of the hydromica-montmorillonitic composition. These components are probably terrigenous, an indication of a gradual increase in the supply of erosional material in the Pliocene.
Unit 1
A comparison of the Unit 1 (Pleistocene) deposits with the sediments of Unit 2 indicates many differences. There is a considerable decrease of biogenic material expressed chiefly by a sharp decrease in the content of amorphous silica and calcium carbonate. The content of these components is more characteristic for that indicated in Unit 3.
Analysis of the composition of the coarse silt fraction of Unit 1 shows a mixing of terrigenous and volcanogenic components with some predominance of the volcanogenic. The terrigenous composition of this fraction (quartz, potassium feldspars, hornblende, weathered minerals) is very similar to the composition of the silts of lower units (Table 1) . Volcanogenic material (devitrified glass and palagonitized glass) is more significant in the silts of Unit 1 than in Unit 3. This is probably caused by a smaller degree of alteration by diagenesis.
An analysis of the silt composition also indicates a sharp decrease in iron sulfide as compared with lower units. There is also an extremely low content of glauconite and iron hydroxides. Only individual grains of zeolite are present, which indicates a low degree of diagenesis of the Pleistocene sediments; this also correlates with the lower content of organic material (less than 0.1%) in these sediments.
A similar composition is characteristic for the (less than 1 µm) fraction of Unit 1. The mineral assemblage is very rich, and many of the minerals are well crystallized. The predominance of hydromica and the presence of considerable amounts of kaolinite and mixed-layered varieties of the hydromica-chlorite and montmorillonite points to a significant contribution by terrigenous components. However, montmorillonite, which is considered to be authigenic and formed from volcanogenic material, is also abundant. This is the second major component after hydromica in the clay fraction. The approximately 20-meter-thick layer of Oligocene(?) sediments, which overlies the basalts, has been formed, to a considerable degree, as a result of submarine weathering of these variolitic basalts, and/or erosion from adjacent uplifted sections of the oceanic floor. This is further supported by the presence of basaltic gravels in the lowermost layers. The high degree of zeolitization indicates the importance of the alteration products from the basalts. Zeolites of the analcite group may also be present.
The accumulation of the late Oligocene-early Miocene deposits occurred concurrently with effusive surface and submarine volcanism. The supply of the volcanogenic ash material increases upward in the section, attaining a maximum at the.end of early Miocene, particularly at the boundary with middle Miocene.
Probably, the ash material consisted almost entirely of basic glass. Subsequently, this glass was altered to montmorillonite and zeolite.
The supply of the terrigenous material was very low, probably, lower than in the Pleistocene and Holocene. The factor affecting the supply of terrigenous material was probably glaciation, but may have been less operative at this time. The similarity of the Oligoceneearly Miocene deposits with contemporary sediments is displayed by the low content of biogenic components which may be indicative of a severe climate similar to the present.
The latter comment seems contradictory because the sediments of the lower stratigraphic horizon are largely enriched in organic matter. However, the level of this "enrichment" is significantly low, and it can be detected only by comparison with the "poorer" organic carbon content in the sediments of the overlying units (1 and 2). The relatively higher content of organic matter in the sediments of Unit 3, as well as the evidence of iron sulfidization, evidently points to a somewhat higher content of hydrogen sulfide in benthonic depths of the basin at that time. If this is the case, there are reasons to suggest the existence of a relatively low content of free oxygen in bottom waters. These would be associated with a slow circulation of water masses in the basin and existence of a chalistatic zone in this water. Another factor leading to stagnant water masses of the basin in the Oligocene-early Miocene times may be the steep topography of the peripheres (i.e., the Jan-Mayen Ridge system).
These conditions were favorable for the preservation of the organic matter which appeared to change its composition mainly by diagenesis. At the same time, it should be added that these conditions stimulated the dissolution of carbonate skeletons, and to some degree, the silica varieties, both of which are unstable in an alkaline environment.
Sedimentation in the middle and upper Miocene and in Pliocene (Unit 2) shows an increase in the supply of Upward within Unit 2, the volcanogenic constituents decrease, giving way to an increase in terrigenous components. This is especially noticeable in the composition of the clay fraction where hydromicas and montmorillonites are sediment components. These changes are clearly seen in sediments of Unit 2, of late Pliocene age. This may indicate active glaciation with ice rafting being the main source of terrigenous material by late Pliocene times.
A distinctive feature of the volcanogenic sediment of Unit 2, when compared with the sediment of Unit 3, is the high degree of preservation of silt-sized ash material. A considerable portion of the glass is not yet devitrified. They may be explained by the relative young age of the sediments and the low content of organic matter. This, together with a sharp decrease of iron sulfidization, may indicate that in the middle, especially, upper Miocene a reconstruction of the water mass characteristics was occurring in the Icelandic Basin. This reconstruction may be a result of an increased influence of North Atlantic waters in the Norwegian-Greenland Sea due to a subsidence of barriers (Iceland-Faeroe Ridge).
Possibly, during the accumulation of Unit 2 there was a change in volcanic activity. This seems indicated by an increase of acid products upwards in Unit 2, with a maximum supply in the Pliocene.
Sedimentation in the Icelandic Basin during the middle-upper Miocene and Pliocene was taking place under climatic conditions that differed from those during the deposition of Units 3 and 1. In all probability, the climate was "mild" which resulted in a minimal effect by glaciation and/or ice-rafting. The temperature regime of the water masses became favorable, which, in combination with an active circulation, led to increased productivity. This is reflected by the increase of biogenic components in the sediments of Unit 2. The predominance of diatoms indicates the increase of temperature was not sufficient to exclude this area from the subtropical climatic zone. The Pleistocene stage (Unit 1) of sedimentation in the Icelandic Basin is characterized by a sharp increase in the supply of terrigenous material. This material became the predominant sediment component in the Unit 1 sediments. Thus, the sediments can be considered to be volcanogenic-terrigenous.
The increase in the terrigenous components is associated with increased glaciation resulting from Pleistocene on Greenland and the Scandinavian Peninsula. The transport of ice-rafted terrigenous material had already been recorded in the upper Pliocene (Laughton, Berggren, et al., 1972) . This cooling was responsible for a decrease in water mass temperatures in the North Atlantic, for a change of climatic conditions to "Arctic" types for the Norwegian-Greenland Sea, and for a certain reduction of primary productivity. The Pleistocene was notable only for rare local increases in productivity, expressed by a sharp increase of biogenic calcium carbonate and foraminiferal fragments in separate interlayers. Most of these maxima are most likely confined to the Holocene.
Since the change of the composition of the Pleistocene sediments was brought about by the increase in the supply of terrigenous material, it is difficult to establish whether there was a change in the rates of supply of volcanogenic material to the area. A decrease in the percentage of volcanogenic components in the Pleistocene sediments is caused primarily from dilution by terrigenous material. However, some indirect data indicate that during the Pleistocene, there was a decrease in the rate of supply of volcanogenic (mainly ash) material. This is testified by a sharp drop of the percentage of (fresh) volcanic glass in the silty fractions of these sediments.
Devitrificated glass (its quantity remains always high) is not a sufficiently exact indicator, inasmuch as part of this glass, in the form of terrigenous material, is supplied from the continental extrusive sources. SUMMARY 1. Dominant volcanogenic sources were active during almost the entire period of late Oligocene, Miocene, and Pliocene. The main component is explosive material of a basic composition. The maximum influx corresponds to the boundary between early and middle Miocene. At the base of this primarily volcanogenic sequence, a basal sediment sequence exists whose composition indicates derivation by weathering of underlying basalts.
2. The major portion of the volcanogenic material has been subjected to reworking and alteration to montmorillonite clay. These changes are most vividly manifested in older late Oligocene and early Miocene sediments.
3. Pleistocene sediments represent mixed volcanogenic-terrigenous sources. This can be explained by climatic change (cooling) and by a decrease of volcanic activity.
4. Biogenic component (silica, calcium carbonate) in the late Cenozoic sediments is subordinate. The maximum accumulation was during the middle and late Miocene and in early Pliocene.
